Aims. Very high energy (VHE; E>100 GeV) γ-ray studies were performed for 18 active galactic nuclei (AGN) from a variety of AGN classes. Methods. VHE observations of a sample of 14 AGN, considered candidate VHE emitters, were made with the High Energy Stereoscopic System (HESS) between January 2005 and July 2007. Large-zenith-angle observations of three northern AGN (Mkn 421, Mkn 501, 1ES 1218+304), known to emit VHE γ-rays, were also performed in order to sample their spectral energy distributions ( 
Introduction
Active galactic nuclei (AGN) represent the only class of extragalactic objects known to emit VHE γ-rays. These objects are found in the core of at least 5% of all galaxies. Generally, they are characterized by very bright, Send offprint requests to: Wystan.Benbow@mpi-hd.mpg.de ⋆ supported by CAPES Foundation, Ministry of Education of Brazil highly variable, non-thermal emission spanning the entire electromagnetic spectrum from radio waves to TeV γ-rays. They are believed to be powered by accretion of matter onto a super-massive (10 6 -10 9 solar mass) black hole. In the unified description of AGN (as reviewed in Urry & Padovani 1995) , this black hole is surrounded in the inner regions by an accretion disk, and in the outer regions by a thick torus of gas and dust. Viewing these objects at various orientation angles with respect to the torus plane is believed to be the underlying cause of the wide variations in their observed properties, and hence numerous AGN classifications.
In about 10% of all AGN, collimated relativistic outflows of particles (known as relativistic jets) exist, presumably along the magnetic field in the vicinity of the black hole, and approximately perpendicular to the accretion disk and torus plane. Of particular interest to high-energy astronomy is a class of radio-loud AGN known as blazars which includes both BL Lacertae (BL Lac) type objects and Flat Spectrum Radio Quasars (FSRQ). For blazars, one relativistic jet is pointed close the observer's line-of-sight (i.e. towards Earth), causing the observed emission to be relativistically beamed. Blazars are typically characterized by a double-peaked broad-band SED, and for different objects the peak energy of the lower or higher-energy components can differ by several orders of magnitude. BL Lac objects are commonly categorized (Padovani & Giommi 1995) into three groups depending on the position of the first peak: low (LBL), intermediate (IBL) , and high-frequency-peaked (HBL). Essentially all 1 AGN detected at VHE energies are HBL.
The HESS array (Hinton 2004 , Aharonian et al. 2006d ) of four imaging atmospheric-Cherenkov telescopes located in Namibia is used to search for VHE γ-ray emission from various classes of astrophysical objects. Approximately 30% of the HESS observation program is dedicated to studies of AGN, primarily blazars. Since 2005, the ∼300 hours per year of AGN observations are divided between monitoring known VHE-bright AGN for bright flaring episodes, and searching for new VHE sources. For the discovery part of the AGN program, a candidate from a large, diverse sample of relatively nearby AGN is typically observed for ∼10 hours. If any of these observations show an indication for a signal (e.g., an excess with significance more than ∼3 standard deviations), a deeper exposure is promptly scheduled to increase the overall significance of the detection and to allow for a spectral measurement. The detections resulting from the HESS AGN observation program are reported elsewhere (see Table 1 for references). Results of HESS AGN observations taken from January 2005 through July 2007, where VHE emission is not significantly detected, are presented here.
Methodology
The HESS AGN data presented here were generally taken in ∼28 minute data segments (runs) using Wobble mode, where the pointing of the array is slightly offset, typically 2 by ±0.5
• , from the position of the AGN. For the results reported in this article, all HESS data passing the quality-selection criteria 3 are processed using the standard HESS calibration (Aharonian et al. 2004 ) and analysis tools (Benbow 2005) . The standard cuts (Benbow 2005) are chosen for the event-selection criteria. On-source data 1 Out of the ∼20 VHE AGN, the only published exceptions are the radio galaxy M 87 (Aharonian et al. 2003 ) and BL Lacertae (Albert et al. 2007 ) (an LBL). See Section 3.1 for more details.
2 For the only exception, BWE 0210+1159, the average offset is ∼0.9
• . 3 Approximately 70% of the relevant HESS AGN data pass these criteria. a The asterisk denotes the seven AGN which were discovered to emit VHE γ-rays by HESS. The dagger marks the objects with more than one HESS publication.
are taken from a circular region of radius θ cut = 0.11
• , appropriate for point-like sources, centered on each AGN. The Reflected-Region method (Berge et al. 2007 ) is used to simultaneously estimate the cosmic-ray background (offsource data). Equation 17 in Li & Ma (1983) is used to calculate the significance (in standard deviations, σ) of the observed excess. All upper limits are determined following the method of Feldman & Cousins (1998) . The flux limits in Section 3.2 are all calculated assuming a power-law spectrum with photon index Γ=3.0 as none of these targets are previously detected in the VHE regime. The limits are not very sensitive to the choice of photon index. Assuming a moderately different photon index (i.e. Γ between 2.5 and 3.5) changes the values by less than ∼10%. Even the choice of an extremely soft spectrum (Γ=6.0) increases the limits by only ∼25%. The fluxes and limits in Sections 4 and 5 assume spectra previously measured for those sources. All flux quantities and energy thresholds are corrected for decreases over time of the absolute optical efficiency of the system, using efficiencies determined from simulated and observed muons (Aharonian et al. 2006d) . Therefore the energy thresholds of these AGN observations are higher than that of the newly commissioned HESS system reported in Benbow (2005) as the total optical throughput is between ∼25% to ∼35% less than initially measured in 2003. The integral flux quantities given later are compared to the HESS Crab Nebula flux calculated above the energy threshold determined for each AGN respectively. The reported percentages of the HESS Crab Nebula flux are calculated from the fit to HESS spectrum (Aharonian et al. 2006d) and assume that the function does not deviate from a power-law below the lowest energy measured (∼500 GeV).
HESS Observations of 14 AGN
Approximately 30 AGN were observed by HESS from January 2005 through July 2007. Some of these objects were previously shown by HESS to emit VHE γ-rays, and the discoveries of VHE emission from others are reported elsewhere. Of the remaining AGN with non-zero good-quality exposure, 14 show no indication of any VHE emission. Table 2 shows these 14 candidate AGN observed by HESS and the dates of the observations. The total live time of the observations passing the standard data-quality selec-tion criteria, and the mean zenith angle of those observations, are listed in Table 3 . The mean good-quality exposure for the candidates is 6.7 hours live time at a mean zenith angle of 31
• . In 5 hours of observations, the sensitivity of HESS (Benbow 2005 ) enables a 5σ detection of a ∼2% Crab Nebula flux source at 20
• zenith angle. The sensitivity of HESS decreases at larger zenith angles. For example, in 5 hours of observations at 45
• zenith angle, a ∼3.5% Crab Nebula flux source is detected at 5σ.
The 14 Candidates
A large majority of VHE-emitting AGN are HBL, therefore these objects are the primary targets of HESS AGN observation program. However, prominent examples of different types of AGN are also observed. Many of the HBL observed by HESS have been detected, therefore the 14 candidates discussed in this section are largely not HBL.
Blazars
Only two of the 14 candidates are HBL. The HBL 1ES 0323+022 is the only target recommended by multiple authors (Stecker, de Jager & Salamon 1996 , Perlman 1999 , Costamante & Ghisellini 2002 ) as a potential source of VHE γ-rays. The remaining blazar targets include two IBL, five AGN (2 LBL and 3 FSRQ) detected by EGRET (Mukherjee et al. 1997 , Hartman et al. 1999 , Sowards-Emmerd et al. 2003 , and a high-frequencypeaked FSRQ. Although the lower-energy SED peaks of the other blazars might imply that they are less likely to emit VHE γ-rays, an LBL (the archetype BL Lacertae) was recently detected (Albert et al. 2007 ) by the MAGIC Collaboration.
Non-blazars
Only one non-blazar AGN, hosted by the radio-loud Fanaroff-Riley (FR) I galaxy M 87, has been detected (Aharonian et al. 2003 ) at VHE energies. Of the four non-blazar targets, two (Pictor A and PKS 0558−504) are radio-loud objects and two (NGC 1068 and NGC 7649) are radio-weak. Pictor A, an FR II galaxy (Perley et al. 1997) , is somewhat similar to a blazar, however its jet is oriented at a large angle with respect to the line-of-sight from Earth. Therefore the VHE flux from Pictor A is naively expected to be low, as any emission would not be Doppler-boosted along the line of sight. PKS 0558−504, a narrow-line Seyfert I galaxy, shows some evidence for beamed emission from a relativistic jet (Komossa et al. 2006) . Detection of VHE emission from PKS 0558−504 would strongly support the presence of such a jet. The radio-weak objects observed by HESS do not have relativistic jets. They include the brightest and closest Seyfert II object (NGC 1068), and a Seyfert I (NGC 7469) undergoing massive star formation near its nucleus (Genzel et al. 1995) . It should be noted that VHE observations of non-blazar AGN have the potential to detect VHE emission originating from sites other than jets (e.g., hot-spots in radio lobes) and from mechanisms other than inverse-Compton scattering (e.g., proton acceleration in the vicinity of accreting black holes). 
Results
No significant excess of VHE γ-rays is found from any of the 14 AGN in the given exposure time. The total good-quality live time (T), mean zenith angle of observation (Z obs ), number of on-source and off-source counts, off-source normalization, observed excess, and significance (S) of the excess in standard deviations are given for each of the 14 AGN in Table 3 . Figure 1 shows the distribution of the significance observed from the direction of each of the 14 AGN. The distribution is slightly skewed towards positive values. However, combining the excess from all 14 candidates only yields a total of 54 events and a statistical significance of 0.8σ. A search for serendipitous source discoveries in the HESS field-of-view centered on each of the AGN also yields no significant excess. Table 3 shows 99.9% confidence level (c.l.) upper limits on the integral flux (I) above the energy threshold of the observations (E th ) and the corresponding percentage of the HESS Crab Nebula flux. The systematic error on a HESS integral flux measurement is estimated to be ∼20%, and it is not included in the calculation of the upper limits.
A search for VHE flares from each observed AGN was also performed. Here the nightly integral flux above the average energy threshold was calculated from the observed excess and fit by a constant. Table 2 shows the dates each AGN was observed and Table 3 shows the resulting χ 2 probability P(χ 2 ). As each χ 2 probability is acceptable, no evidence for any VHE flares is found.
Low Altitude Observations of VHE AGN
As HESS is located in the Southern Hemisphere, AGN with declinations greater than 30
• culminate at low altitudes (< 37
• ) where the energy threshold of HESS is considerably higher and the sensitivity is reduced. However, due to the large effective area of the HESS array at low altitudes, observations of northern AGN probe higher energies than typically studied by Northern Hemisphere instruments. Simultaneous observations of the same target by both Northern and Southern Hemisphere instruments sample different parts of the VHE spectrum, potentially increasing the spectral coverage to several orders of magnitude and allowing for cross-calibration between the detectors (see, e.g., 
edu/).
b The superscript E denotes the five candidates detected by the EGRET instrument aboard the CGRO satellite (Mukherjee et al. 1997 , Hartman et al. 1999 , Sowards-Emmerd et al. 2003 .
c Only the dates of the good-quality HESS observations of each AGN are shown. Mazin et al. 2005) . Therefore, three northern AGN, known to emit VHE γ-rays, were briefly (good-quality live time <2.2 h) observed at low altitudes with HESS. For two of these targets (1ES 1218+304 and Mkn 501) simultaneous observations were performed by the MAGIC VHE telescope and the Suzaku X-ray satellite (Mitsuda et al. 2007 ).
Mkn 421
HESS observed the well-known VHE emitter (Punch et al. 1992 (Aharonian et al. 2005c) , the flux calculated here assumes the time-averaged spectrum, a power law with photon index Γ = 2.39 and an exponential cut-off at 3.6 TeV, measured (Aharonian et al. 2002) 
1ES 1218+304
1ES 1218+304, discovered as a VHE emitter by the MAGIC collaboration (Albert et al. 2006) , was the target of a HESS observation campaign on May 19−21, 2006. All data from the first two nights of observations fail the data-quality criteria due to bad weather. On the last night, a total of five good-quality observation runs were taken between 17:43 and 21:05 UTC yielding a data set of 1.8 h live time at a mean zenith angle of 56
• . One of the telescopes was not functioning properly during the data taking and is excluded from the analysis, resulting in a slightly reduced sensitivity. A total of 61 on-source events and 590 off-source events (α=0.0880) pass the event selection criteria. The resulting excess is not significant (9 events, 1.2σ). Assuming Γ=3.0, as measured (Albert et al. 2006) by MAGIC from ∼100 GeV to ∼600 GeV, the 99.9% c.l. limit on the integral flux above the 1.0 TeV analysis threshold is I(>1.0 TeV) < (3.9 ± 0.8 syst ) × 10 −12 cm −2 s −1 . This corresponds to 17% of the HESS Crab Nebula flux. The upper limit is ∼6 times higher than the flux above 1 TeV determined from an extrapolation of the MAGIC spectrum.
Mkn 501
HESS observations of Mkn 501 (Quinn et al. 1996) occurred on July 18, 2006 from 18:49 to 21:18 UTC. All five 28-minute runs pass the standard quality-selection criteria, yielding a data set of 2.2 h live time at a mean zenith angle of 64
• . A total of 112 on-source events and 1328 offsource events (α=0.0915) are measured. Mkn 501 is not detected by HESS as the resulting excess is −9 events (−0.8σ). Assuming Γ = 2.6 as measured (Bradbury et al. 1997 ) above 1.5 TeV by HEGRA, the limit (99.9% c.l.) on the integral flux above the 2.5 TeV analysis threshold is I(>2.5 TeV) < (1.0 ± 0.2 syst ) × 10 −12 cm −2 s −1 , or 20% of the HESS Crab Nebula flux.
VHE Monitoring of 1ES 1101−232
1ES 1101−232 was discovered by HESS (Aharonian et al. 2006b , Aharonian et al. 2007a ) to emit VHE γ-rays during observations in [2004] [2005] . As part of a campaign to monitor its VHE flux, it was re-observed for 17. Table 4 for the various observation epochs. The number of on-source and off-source counts, the off-source normalization, the observed excess, the significance (S) of the excess in standard deviations, and the integral flux above the analysis threshold of 260 GeV are shown in the table. The object is marginally detected in the 2006 observations, as well as during the Suzaku epoch. 1ES 1101−232 is not detected in 2007. All flux quantities in Table 4 assume the photon index Γ = 2.94 previously measured (Aharonian et al. 2007a) 
Discussion
One of the defining characteristics of AGN is their extreme variability. The VHE flux from any of these AGN may increase significantly during future flaring episodes (see, e.g., Aharonian et al. 2007b ) and could potentially exceed the limits presented here. In addition, accurate modeling of the SED requires that the state of the source is accounted for. Therefore it must be emphasized that the upper limits reported here constrain the flux of the AGN only during the observation time (see Table 2 for the 14 candidates). The simultaneous Suzaku X-ray data from Mkn 501, 1ES 1218+304, and 1ES 1101−232, make the HESS results from these objects particularly useful. In the absence of simultaneous observations at lower energies, it is recommended that the limits be conservatively interpreted as limits on the steady-component or quiescent flux from the AGN. Interpretation of the SED of an AGN not only requires accounting for the state of the source, but also the redshift and energy dependent absorption (Gould & Schréder 1967) of VHE photons on the Extragalactic Background Light (EBL). The EBL density (Hauser & Dwek 2001 , Aharonian et al. 2006b ), and hence optical depth (τ ), is only roughly constrained at wavelengths relevant to the HESS measurements. Therefore the effect of the EBL on the HESS limits is quantified with a maximal and minimal EBL density (i.e. maximal and minimal EBL absorption). Here the EBL parameterization of Primack et al. (2005) is used. This EBL is near the lower limits on the EBL density provided by galaxy counts (Madau & Pozzetti 2000) and is considered a minimal EBL scenario. Scaling the normalization of the minimal EBL parameterization by a factor of 1.6 yields a density approximately at the level of the mostconstraining upper limits (Aharonian et al. 2006b ) derived from VHE observations of 1ES 1101−232, and is therefore used here as a maximal EBL parameterization. Table 5 shows the HESS integral flux limits from Table 3 converted to a limit on the observed differential flux (F obs ) at the energy threshold of the HESS measurement, as well as scaling factors, A = e τ , to convert each to an intrinsic flux limit (i.e. correct for absorption) for both the minimal and maximal EBL scenarios. The corresponding information for the HESS limits on 1ES 1218+304 and Mkn 501 are also shown in Table 5 . For Mkn 421 (z=0.030) the differential flux at 2.1 TeV is F obs = (5.7 ± 1.9 stat ± 1.1 syst ) × 10 −12 cm Table 4 .
Conclusions
HESS observed a large sample of AGN between January 2005 and July 2007 as part of a campaign to identify new VHE-bright AGN. Results presented here detail the observations of 14 candidates for which no significant excess was found. The corresponding upper limits on the VHE flux are the most stringent to date for eight of the candidates, and are only surpassed by those from earlier HESS observations (Aharonian et al. 2005d ) for the other six candidates. In addition the results from HESS observations of four AGN known to emit VHE γ-rays are presented. Although only a marginal excess is measured for two of these objects, and no excess is observed from the other two, the presence of simultaneous X-ray data for three of these objects enables more accurate SED modeling than possible with archival data.
With the detection of ten VHE AGN, including the discovery of seven, the HESS AGN observation program has been highly successful. However, despite more than five years of operation, the observation program is not complete as many proposed candidates have either not yet been observed or only have a fraction of their intended exposure. Therefore, the prospects of finding additional VHE-bright AGN with HESS are still excellent. a The observed (F obs ) differential flux upper limits at the energy threshold of the HESS observations (E th ) are calculated at the 99.9% confidence level. The limit on the intrinsic differential flux is given by multiplying the observed limit by the scaling factor, A = e τ , for either a minimal (AMin) or maximal (AMax) EBL scenario.
